Objective: To develop and validate a novel 14-item self-completed questionnaire (in English and German) enquiring about the presence of non-motor symptoms (NMS) during the past month in patients with craniocervical dystonia in an international multicenter study. Methods: The Dystonia Non-Motor Symptoms Questionnaire (DNMSQuest) covers seven domains including sleep, autonomic symptoms, fatigue, emotional well-being, stigma, activities of daily living, sensory symptoms. The feasibility and clinimetric attributes were analyzed. Results: Data from 194 patients with CD (65.6% female, mean age 58.96 AE 12.17 years, duration of disease 11.95 AE 9.40 years) and 102 age-and sex-matched healthy controls (66.7% female, mean age 55.67 AE 17.62 years) were collected from centres in Germany and the UK. The median total NMS score in CD patients was 5 (interquartile range 3-7), significantly higher than in healthy controls with 1 (interquartile range 0.75-2.25) (P < 0.001, Mann-Whitney U-test). Evidence for intercorrelation and convergent validity is shown by moderate to high correlations of total DNMSQuest score with motor symptom severity (TWSTRS: r s = 0.61), clinical global impression (r s = 0.40), and health-related quality of life measures: CDQ-24 (r s = 0.74), EQ-5D index (r s = À0.59), and scale (r s = À0.49) (all P < 0.001). Data quality and acceptability was very satisfactory. Interpretation: The DNMSQuest, a patient selfcompleted questionnaire for NMS assessment in CD patients, appears robust, reproducible, and valid in clinical practice showing a tangible impact of NMS on quality of life in CD. As there is no specific, comprehensive, validated tool to assess the burden of NMS in dystonia, the DNMSQuest can bridge this gap and could easily be integrated into clinical practice.
Introduction
Cervical dystonia (CD) is the most common idiopathic focal dystonia. 1, 2 Currently, there is no CD-specific validated questionnaire for the holistic assessment of non-motor symptoms (NMS) in CD. Validated disease-specific questionnaires like the Craniocervical Dystonia Questionnaire (CDQ-24) 3 or the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS/-2) 4,5 assess a few NMS in a detailed disease-specific manner whereas symptom-specific questionnaires like Beck Depression Inventory (BDI) assess only a single NMS in a very detailed manner, with lack of knowledge of their reliability and validity in CD. Moreover some well-described NMS in CD, for example sleep disturbances are not assessed by any of the established disease-specific validated tools. In order to fully capture the motor and non-motor health of a patient with CD within the short time frame of a clinical consultation, there is a need for a patient self-completed, validated, disease-specific NMS questionnaire similar to the one that has been developed for Parkinson's disease (PD). 6 CD also affects health-related quality of life (HRQoL) in a manner which is comparable to that seen in other chronic neurological diseases like multiple sclerosis, PD, and stroke 7, 8 and in part this could be driven by the burden of NMS which is currently not captured in the clinic. The objective of the present study was to provide an easy to use and clinically feasible, validated, disease-specific NMS questionnaire for the use in patients with CD to meet this unmet need and improve the holistic assessment of CD patients.
Patients and Methods
This was an international, multicenter, open, one pointin-time evaluation in English and German language with test-retest assessment. The DNMSQuest in German language was developed based on the international recognized standards for intercultural adaptation of selfcompleted patient questionnaires. 9, 10 Study participants
Patients and controls
Consecutive patients with a diagnosis of adult-onset idiopathic dystonia manifesting in the cervical region (cervical dystonia, CD) according to the recently revised definition by Albanese et al. 1 were included in this study. About 97.4% of the included patients were treated with botulinum neurotoxin (BoNT) injections. To avoid the potential effect of BoNT therapy on study assessments, study inclusion was performed at the end of a BoNT therapy cycle (≥3 months after the previous BoNT treatment session) and just before a new BoNT treatment was performed. As NMS are prevalent in the general population, age-and sex-matched healthy controls (HC) were also included in the study.
Inclusion and exclusion criteria
Patients with CD and HC were included in the study if no history of dementia or evidence of significant cognitive impairment (<22 points on the Montreal Cognitive Assessment (MoCA) 11, 12 ) as well as no presence or history of any movement disorder other than dystonia and associated tremor was reported. Patients with other forms of idiopathic dystonia as well as patients treated with deep brain stimulation were excluded.
Study assessments
The study protocol of the DNMSQuest study was approved by the ethics committee of the participant institutions (Dresden and Chemnitz: EK60022015, Rostock: A2016-0159, King's College London: 15/EM/0106, University College London: 15/0445-162452). All participants provided written informed consent before any study procedure was carried out.
Dystonia Non-Motor Symptoms Questionnaire (DNMSQuest)
The Dystonia Non-Motor Symptoms Questionnaire (DNMSQuest, Fig 1, Fig. S1 ) is a 14-item self-completed questionnaire asking about the presence of a range of NMS in patients with craniocervical dystonia during the past month. Wording of the questionnaire is adapted to lay expressions and the response option is a binary one as "yes" or "no" to each question. Completion time by patients with the aid of their caregivers, if necessary, is around 5 min. The instructions considering the time frame are outlined on the questionnaire. By summating all positive answers ("yes", corresponding to the presence of NMS), the total number of NMS experienced by the participant can be calculated as an estimation of the symptoms burden, although any information on symptoms severity or frequency is not obtained. The questions can be grouped into seven different relevant nonmotor domains (Table 1) : sleep (2 items), autonomic symptoms (1 item), fatigue (1 item), emotional well-being (3 items), stigma (1 item), activities of daily living (ADL, 4 items), and sensory symptoms (2 items). The following variables were collected: Investigator completed: demographic and disease-specific clinical variables like age, sex, ethnicity, year of diagnosis, general medical history with current medication and cumulative BoNT dosage (calculated in Dysport mouse units) as well as duration of positive effects. motor assessment: TWSTRS. 5 Unified Dystonia Rating Scale (UDRS) 13 with maximal possible total score of 24 as only patients with focal CD affecting the neck and shoulder or the proximal arm domain have been included.
Clinical Global Impression of severity (CGI-S) 14 focused on the severity of CD MoCA. 15 Partient-completed assessments: DNMSQuest. [16] [17] [18] Quality of life questionnaires: CDQ-24; 3 EuroQol five dimensions questionnaire (EQ-5D) with index and visual analog scale (VAS). 19 Test-retest analysis: a re-assessment of CD patients 7-14 days after initial study inclusion and after BoNT injection was performed.
Data monitoring: Data quality was constantly checked during data collection and all missing data were noted and subsequently collected after specific requests based on query lists provided to the different medical centers by TUD. Data Availability Statement: For the kind of performed study, relevant information about the collected data and the methods used to conduct the research are fully presented in this article.
Statistics
As data were mostly not normally distributed (tested with K.-S.-Lilliefors-test), nonparametric statistics were primarily applied. Prevalence of each NMS was calculated on the sample of CD patients and HC determining the percentage of positive responses. DNMSQuest domains and total number of NMS was also computed by the sum of answers.
Data quality and acceptability: missing and fully computable data were calculated, with an acceptable criterion of < 5% of missing data. 20 Construct validity: the convergent validity (correlation with other measures, which assess the same or similar constructs) and the discriminative validity (ability of the scale to differentiate known-groups) were the components tested in this study. Spearman's rank correlation coefficients were considered: "weak" if the r s -value was < 0.3, "moderate" if 0.3-0.59, "high" if> 0.60. 21, 22 Moderate to high correlations of the DNMSQuest and its domains were expected with the CDQ-24 and its corresponding domains as well as with corresponding domains of the TWSTRS. Multiple testing corrections were performed by Bonferroni adjustment. The discriminative validity was explored by the differences in the DNMSQuest total score in CD patients and HC and in the sample grouped by CGI. For discriminative validity, Mann-Whitney and Kruskal-Wallis tests were applied. A P-value of less than 0.05 was considered to indicate statistical significance.
Test-retest reliability (intra-class correlation coefficient (ICC); 1-way, random effect) was assessed in a subset of CD patients (N = 14) who repeated the DNMSQuest within 7-14 days after initial assessment. ICC values higher than 0.70 are considered acceptable. 23 
Results
Data from 194 patients with CD and 102 age-and sexmatched HC were analyzed. Demographics and diseasespecific characteristics as well as therapy are summarized in Table 2 . Cognitive assessment in CD patients and HC were within normal ranges (mean MoCA value AE SD: 26.90 AE 2.37 in CD patients, 28.54 AE 1.61 in healthy controls) so that the results of self-completed questionnaires and scores were considered to be reliable for analysis. Regarding data quality, no relevant data of the included study participants were missing and only five (4.67%) HC and 27 (12.22%) patients were excluded from data analyses due to relevant neurological co-morbidities, MOCA < 22 points, segmental or multifocal dystonia. Only five (2.6%) CD patients were not treated with BoNT therapy. Study assessments were carried out at 13.74 AE 2.20 (mean AE SD) weeks after the last BoNT injection so as to effectively exclude influence of BoNT on motor, non-motor, and quality of life assessments.
CD patients ranged from CGI score 1 to 7 with 81% of patients presenting with "mildly ill" (score 3) to "markedly ill" (score 5) (mean AE SD: 3.81 AE 1.16; median AE SE: 4.00 AE 0.08) severity of CD which corresponded well to a mean TWSTRS score of 31.17 AE 12.78 (range 6.0-65.5) and mean UDRS score of 7.89 AE 3.83 (range 1.0-24.0). In contrast, 92% of the assessed HC were "normal, not at all ill" (score 1) in the CGI (range 1-3; 47% of HC evaluated, 53% not assessed, mean AE SD: 0.53 AE 0.64; median AE SE: 0.00 AE 0.06).
NMS were significantly more common in CD patients compared with HC ( Fig 2) . Median total NMS score was significantly higher with 5.00 (interquartile rank 3-7, 23 patients, 11.9%, mean AE SD: 5.26 AE 3.25) in CD patients in comparison to 1.00 (interquartile rank 0.75-2.25, 29 patients, 28.4%, mean AE SD: 1.73 AE 1.67) in HC (P < 0.001, Mann-Whitney-U-test). Total NMS scores in CD patients ranged from 0 (11 patients, 5.7%) to 14 (1 patient, 0.5%), while in HC NMS scores ranged from 0 (Fig. 2) . The results of the seven DNMSQuest domains are summarized in Table 1 comparing CD patients and HC.
There was no significant association of total NMS score assessed with DNMSQuest in CD patients with age and disease duration but a significant weak correlation with sex (r s = 0.18; P = 0.01). This was supported by a significant higher mean number of NMS in female than male CD patients (P < 0.05) ( Table 3 ). In HC no significant association of total NMS score with age and sex was found.
The total NMS score of the DNMSQuest in CD patients significantly correlated with motor severity assessed by TWSTRS total score on a high level (r s = 0.61; P < 0.001) and UDRS on a weak level (r s = 0.26; P < 0.001). Furthermore, we found a significant moderate correlation between the total number of NMS and CGI (r s = 0.40; P < 0.001) in CD patients, whereas there was no correlation in healthy controls. Additionally, the analysis of known-groups validity showed a significant increase in mean DNMSQuest total score with higher values in CGI (P < 0.001) ( Table 3 ). The total amount of NMS measured by DNMSQuest in CD patients correlated significantly with both measures of HRQoL, the CDQ-24 total score on a high level (r s = 0.74; P < 0.001), as well as negatively on a moderate to high level with the EQ-5D index (r s = À0.59; P < 0.01) and EQ-5D VAS (r s = À0.49; P < 0.001), respectively. In 48 HC, the EQ-5D index and VAS have been assessed. Here the total NMS score showed a significant negative correlation on a moderate level with the EQ-5D index (r s = À0.58; P < 0.001) and EQ-5D VAS (r s = À0.44; P < 0.01), respectively.
All DNMSQuest domains, besides stigma (r s = 0.57; P < 0.001) and autonomic symptoms (r s = 0.43; P < 0.001), correlated significantly on a high level with the DNMSQuest total score (r s = 0.60-0.74; P < 0.001). Eight out of 21 correlations of the seven DNMSQuest domains among each other showed significant moderate correlations (r s = 0.30-0.49; P < 0.01) ( Table 4 ).
As expected, correlation coefficients between corresponding domains of the DNMSQuest and related scales and questionnaires (TWSTRS, CDQ-24) reached r s values between 0.44 and 0.66 (P < 0.001) ( Table 4 ).
Of the 55 CD patients performing a retest of the DNMSQuest, only 14 were obtained in the time frame of up to 14 days after initial assessment to exclude effect of BoNT therapy. Mean as well as median DNMSQuest total scores and its range were not significantly different (P = 0.32) when comparing initial study assessment and retest ( Table 5 ). The ICC value with 0.995 was very high.
Discussion
We describe the development and validation of a novel, patient self-completed, 14-item "yes/no" questionnaire for the comprehensive assessment of NMS in CD patients in daily clinical practice. The Dystonia Non-Motor Symptoms Questionnaire (DNMSQuest) enquires about the presence of a range of NMS in patients with craniocervical dystonia during the past month with a completion time by patients of approximately 5 min. By summating all positive answers, the total number of NMS experienced can be calculated as an estimation of the symptoms burden, as has been validated in PD. 24 Furthermore, the DNMSQuest covers seven relevant non-motor domains: sleep, autonomic symptoms, fatigue, emotional well-being, stigma, ADL, sensory symptoms. The specific content and format of the DNMSQuest were developed from an international advisory group of six neurologists expert in movement disorders and dystonia, three health professionals expert in research on health measures development and validation and also patient experience with CD attending regional dystonia clinics in the UK. 16 The items were derived partly from the NMSQuest, validated for use in PD. 6 An observational pilot study including 102 CD patients was carried out in order to check the feasibility and acceptability of the DNMSQuest at King's College London. 17, 18 Based on these results, the DNMSQuest was slightly adapted for better practical use and translated into German language by a cross-cultural adaptation procedure. This is the first study providing information on the clinimetric attributes of the DNMSQuest with data assessed in 194 CD patients and 102 age-and sex-matched HC in an international setting of two countries, Germany and the UK, and thereby providing the validation of the DNMSQuest in English and German language. The questionnaire appears robust, reproducible, and has acceptable clinimetrics. Data quality was very satisfactory with all included participants being fully computable. Reliable responses of self-completed questionnaires were secured by regular results in the cognitive assessment. Effects of BoNT therapy on study assessments can be largely excluded as participants were included in mean 13.74 weeks after the last BoNT injection, which was in compliance with the aim to carry out study assessments ≥ 3 months after the previous BoNT treatment session ensuring a maximum possible interval. Additionally, study participants reported a much shorter mean positive effect of BoNT therapy of 9.06 weeks than expected (13 weeks 25 ). Our approach seems to be successful as no correlation of total NMS score with the duration of received BoNT therapy, with the duration between the last BoNT injection and study assessment, and with the total amount of dispensed BoNT was found. Only a weak, but significant negative correlation between the total number of NMS and the duration of a positive effect of BoNT on CD was detected (r s = À0.21; P < 0.01), suggesting that the shorter the positive BoNT effect lasts, the higher the amount of NMS.
The assessed study group with nearly 66% women with a mean age of 59 years can be evaluated as a representative group for patients with CD, which mainly affects women above 50 years of age. 26, 27 The majority of CD patients presented with intermediate disease severity assessed by TWSTRS and UDRS with values comparable to other publications 28, 29 ; however, patients in all stages of the disease were included based on the CGI observed in this study. NMS were significantly more common in CD patients compared to HC. About 94.3% CD patients reported at least one NMS and 54.7% at least five NMS. In a PD setting, five NMS reported on NMSQuest are regarded as a mild to moderate burden of NMS in PD 30, 31 as well as having a major impact on HRQoL. 32 DNMSQuest total score distribution and score distribution within the seven domains covered the complete range and for the total score the difference between mean and median was low. The NMS burden in CD patients was higher with worse motor severity of CD. This was more evident when evaluating motor severity with TWSTRS than UDRS, probably reflecting the fact that the TWSTRS is specific for the assessment of CD, whereas the UDRS is designed for dystonia assessment in general. Furthermore, the TWSTRS evaluates motor severity, disability, and pain caused by CD. As there was no significant association with the amount of NMS assessed with DNMSQuest in CD patients with age and disease duration, NMS are relevant during the whole disease course independent of age. Interestingly, we observed a higher burden of NMS in female CD patients, which was also reported in a study of sex and NMS in PD 33 .
The TWSTRS is currently recommended by the Movement Disorder Society (MDS) task force on dystonia rating scales 34 and has been used extensively in clinical, trial-based, and phenomenological studies of CD. In our study, TWSTRS part II as well as the single question B in part II covering the ability to perform ADL were tested against the DNMSQuest domain ADL (Table 4 ). In addition, TWSTRS part III was tested against the DNMSQuest domain Sensory symptoms (Table 4 ). We also used the CDQ-24, a validated measure of HRQoL specifically in craniocervical dystonia which is also recommended by the MDS task force on dystonia rating scales 34 as a further measure for convergent validity. The CDQ-24 addresses the following NMS domains: stigma, emotional well-being, pain, and ADL, which are determinants of HRQoL in CD patients. 8, [35] [36] [37] Although the CDQ-24 is a patient-completed questionnaire, it has neither been extensively used nor tested against other scales, which could be due to potential patient fatigue related to the length of the scale. While testing the four DNMSQuest domains (Sensory symptoms, ADL, Stigma, and Emotional well-being) against the corresponding TWSTRS and CDQ-24 domains, we found significant correlations, primarily on a high level, providing a good convergent validity of the DNMSQuest as hypothesized ( Table 4 ). The similar content of the DNMSQuest domains with the independent corresponding measures explains the high correlations but also reflects that these NMS can be assessed in a simpler and brief way, which is relevant for routine assessment in clinics. The unmet need of such a dedicated, self-completed, comprehensive NMS tool for dystonia, which can be easily integrated in clinical practice, has already been declared. [38] [39] [40] Furthermore, these observations highlight the importance of NMS for self-reported health state in CD patients. All DNMSQuest domains except the domain Autonomic symptoms showed a high association with the DNMSQuest total score as well as the DNMSQuest total score with corresponding total scores of validated and accepted scores (TWSTRS, CDQ-24, EQ-5D) for the assessment of CD patients. Therefore, the construct validity of the DNMSQuest seems to be satisfactory.
We would also like to acknowledge potential limitations of this study:
1. We were unable to test the DNMSQuest domains Sleep, Autonomic Symptoms, and Fatigue with "gold standard" measures. However, this was not performed, given the lack of validated scales for these NMS in CD, and to optimize feasibility, concentrating on specific well-established and validated scales in CD. Small-scale cross-validation studies addressing the convergent validity of DNMSQuest with respect to these other NMS should be conducted to complete validation. 2. The validation of the DNMSQuest was only performed in CD. An additional evaluation is needed in patients with cranial dystonia. 3. The relatively small size of study participants performing a retest of the DNMSQuest can be considered as a limitation. However, this reflects a real-life situation where it is difficult for patients to re-attend the clinic in the short time frame of 2 weeks. These preliminary results could be orientating about a potential satisfactory stability of the questionnaire, and additional analyses with appropriate sample size are needed.
In summary, in this novel study highlighting a first comprehensive, brief, easy to complete and to evaluate NMS questionnaire for craniocervical dystonia, we have demonstrated that the self-completed DNMSQuest allows for a comprehensive and rapid screening of NMS in CD. Quick and effective assessment of NMS, now known to be a major complicating co-morbidity in dystonic conditions, can thus be achieved in the clinic using the DNMSQuest in a scenario analogous to the use of the NMSQuest in PD. We further envisage that the DNMSQuest could possibly also be used in other forms of dystonia, although specific studies will be required. Data from the use of the DNMSQuest and subsequent grading of the NMS burden (as has been validated for the NMSQuest 30 ) could also add to a truly holistic assessment of CD patients and secondarily improve management strategies. This is important as some NMS improve as consequence of reduction of motor severity in CD by BoNT (39) but some NMS need specific treatment. 35, 41 Furthermore, this is particularly relevant as we have also shown that there is a strong correlation of NMS assessed with DNMSQuest and CDQ-24 as well as EQ-5D, implying a major impact of NMS on HRQoL in CD patients as also shown by studies with focus on specific NMS as pain, depression etc. 8, 28, 35, 42 In addition, we believe that the DNMSQuest would be positioned as a specific scale separate to available dystonia rating scales, which primarily focus on the anatomical topography and the severity of motor dystonia. Some of the validated rating scales ask additionally for the dependence of the severity of motor dystonia on provoking factors like actions (The Fahn-Marsden dystonia scale 43 ), about the duration of the dystonic features (TWSTRS 5 , UDRS 13 ), the disability in performing ADLs (TWSTRS 5 , The Fahn-Marsden dystonia scales 43 ), the impairment of HRQoL (CDQ-24 3 ). Recently, the Comprehensive Cervical Dystonia Rating Scale 44 was introduced which is a combination of three scales to cover motor and psychiatric features as well as QoL. These scales focus on a broad spectrum of CD with high usefulness in clinical trials but less impact on daily practice due to the length of time required for completion by the patients as well as evaluation by the physicians.
As such, a specific, self-completed, short but comprehensive tool providing a reasonable overview of NMS burden in dystonia remained an unmet need which can be bridged by the use of the DNMSQuest. The DNMSQuest could easily be integrated into clinical practice in the majority of movement disorder clinics and might help to implement NMS assessment in addition to the indispensable assessment of motor symptoms to guide BoNT therapy. The individual evaluation of NMS burden in each patient followed by a consequent treatment approach will be useful for the majority of CD patients, especially as NMS have a major impact on HRQoL.
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